








contact recreation in Alberta. During that period,
the average and peak design flow rates for this
treatment facility were 82 and 110 million gallons
per day (mgd), respectively. A pilot study was
conducted to review current UV disinfection
systems, effectiveness of lamp intensities, and
costs. UV disinfection was determined to be the
most efficient disinfection system to achieve the
required treatment levels.

Lamp fouling is a potential problem among UV
systems, but with proper cleaning and O&M, it
should not interrupt the system's disinfection
capability. Lamp cleaning at the GBWTP was
achieved by a mechanical wiping mechanism
accompanying each cluster of lamps. Lamps were
cleaned on a regular basis using an in-channel
cleaning system. The safety concerns for both
low-pressure and high-intensity UV systems
regarding exposure to UV radiation and electrical
hazards are low under normal operating conditions.
However, precautionary measures should be taken
when operating high-intensity lamps to avoid
overexposure. The risk was not considered major
by the GBWTP and was outweighed by the
potential savings of using high-intensity UV
systems. At the GBWTP, a medium-pressure,
high-intensity system was found to be more
economical than the conventional low-pressure
systems in both capital and life-cycle costs.

Northwest Bergen County Utility Authority
Wastewater Treatment Plant in Waldwick,
New Jersey

The use of UV disinfection for wastewater
treatment has increased dramatically in the last few
years due to the impact of chlorinated organics
from sewage effluent on receiving waters. Such
was the case with the Northwest Bergen County
Utility Authority (NBCUA) Wastewater Treatment
Plant located in Waldwick, New Jersey. In 1989,
the treatment plant had to convert from chlorination
to an alternative disinfection technology with zero
residual after treatment. This change was brought
about when the "zero residual" regulation was
imposed by the New Jersey Department of
Environmental Protection with the passage of the
Toxic Catastrophic Prevention Act.

Several factors, such as public safety and recent
findings and concerns over the environmental
impact of chemical releases and spills, have led to
more stringent permit requirements for chlorine.
Also, there were other conditions that the treatment
plant had to meet if chlorine use was to continue.
To avoid the escalated costs that could be incurred
and to be in compliance with the new regulations,
the wastewater treatment plant switched to UV
disinfection. The UV system was installed within
the existing chlorine contact tanks, along with an
extension to the existing building for easy
maintenance during bad weather. The UV system
at NBCUA was able to meet fecal coliform levels
(200 count per 100 mL) better than chlorination
since its installation in August 1989.

OPERATION AND MAINTENANCE

The proper O&M of a UV disinfection system
ensures that sufficient UV radiation is transmitted
to the organisms to render them sterile. All
surfaces between the UV radiation and the target
organisms must be clean, and the ballasts, lamps,
and reactor must be functioning at peak efficiency.
Inadequate cleaning is one of the most common
causes of a UV system's ineffectiveness. The
quartz sleeves or Teflon tubes need to be cleaned
regularly by mechanical wipers, ultrasonics, or
chemicals. The cleaning frequency is very
site-specific, some systems need to be cleaned more
often than others.

Chemical cleaning is most commonly done with
citric acid. Other cleaning agents include mild
vinegar solutions and sodium hydrosulfite. A
combination of cleaning agents should be tested to
find the agent most suitable for the wastewater
characteristics without producing harmful or toxic
by-products. Noncontact reactor systems are most
effectively cleaned by using sodium hydrosulfite.

Any UV disinfection system should be pilot tested
prior to full-scale operation to ensure that it will
meet discharge permit requirements for a particular
site.

The average lamp life ranges from 8,760 to 14,000
working hours, and the lamps are usually replaced
after 12,000 hours of use. Operating procedures



should be set to reduce the on/off cycles of the
lamps, since their efficacy is reduced with repeated
cycles.

The ballast must be compatible with the lamps and
should be ventilated to protect it from excessive
heating, which may shorten its life or even result in
fires.  Although the life cycle of ballasts is
approximately 10 to 15 years, they are usually
replaced every 10 years. Quartz sleeves will last
about 5 to 8 years but are generally replaced every
5 years.

COSTS

The cost of UV disinfection systems depends on the
manufacturer, the site, the capacity of the plant, and
the characteristics of the wastewater to be
disinfected. Total costs of UV disinfection can be
competitive with chlorination when the
dechlorination step is included.

The annual operating costs for UV disinfection
include power consumption; cleaning chemicals
and supplies; miscellaneous equipment repairs
(2.5% of total equipment cost); replacement of
lamps, ballasts and sleeves; and staffing
requirements.

Costs have decreased in recent years due to
improvements in lamp and system designs,
increased competition, and improvements in the
systems' reliability.

Medium-pressure lamps cost four to five times as
much as low-pressure lamps. However, the reduced
number of lamps necessary for adequate
disinfection could make medium-pressure lamps
cost-effective. Table 3A summarizes the costs of
some of the lamps used in UV disinfection. This
information was collected in a study conducted by
the Water Environment Research Federation in
1995 for secondary effluents from disinfection
facilities at average dry weather flow rates of 1, 10,
and 100 mgd (2.25, 20, and 175 mgd peak wet
weather flow, respectively). Table 3B describes the
typical capital and O&M costs that are associated
with a UV disinfection.

TABLE 3A LAMP COSTS FOR UV
DISINFECTION SYSTEMS

Item Range* Typical*
UV lamps ($/lamp) ($/lamp)
1-5 mgd 397-1,365 575
5-10 mgd 343-594 475
19-100 mgd 274-588 400
Construction cost (% of UV (% of UV lamp
for physical lamp cost) 75-  cost) 150
facilities 200

* Costs are based on a 1993 Engineering News Record
Construction Cost Index of 5,210.

Source: Adapted from: Darby et al. (1995) with permission
from the Water Environment Research Foundation.

TABLE 3B CAPITAL AND O&M COSTS
FOR UV DISINFECTION SYSTEMS

Cost Item UV System Cost ($)
Capital Costs
Equipment 120,000
Structural modifications 64,000
Electrical 20,000
Miscellaneous 40,000
Total: 244,000

Annual operating and maintenance costs
Energy 3300
Lamps and chemicals 2840
Cleaning 1180
Maintenance 1440
Process control 6240
Testing 4160
Total 19,190

Source: Hanzon and Vigilia, 1999.
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